Outcomes in critical care delivery at SUMMARY The aim of this study was to assess outcomes following intensive care unit (ICU) admissions at Jimma University Specialised Hospital, Ethiopia. This was a retrospective observational study. Data were collected regarding all ICU admissions and discharges during a 12-month period beginning August 2011. Demographic data and information regarding diagnosis, length-of-stay and outcome were gathered and data analysed. There were 370 admissions to the ICU during the study period. Median age (interquartile range) was 32.0 (22.0-47.0) years and 56.2% were males. The median length-of-stay (interquartile range) was 3.0 (1.0-7.0) days. The overall ICU mortality rate was 50.4% and major causes included trauma, cardiac disease, acute abdominal presentations, septic shock, tetanus and hysterectomy secondary to uterine rupture. Medical diagnoses accounted for 50.1% of admissions followed by surgery (43.2%) and obstetrics (5.8%). Corresponding mortality rates were 53.6, 48.0 and 42.9%, respectively. The main cause for surgical admission was trauma, with head injury carrying a mortality of 52.1%. The principal cause for medical admission was cardiac disease. In children, trauma, upper airway obstruction and communicable diseases were most common. Critical care mortality rates at this Ethiopian university hospital reflect the challenges facing critical care delivery in the developing world. Delayed presentation to hospital secondary to poor access to healthcare plays a predominant role. This is confounded by inadequate staffing, training, diagnostic and interventional limitations. Despite resource restraints, simple cost-effective measures may improve morbidity and mortality.
In the developed world, critical care is an essential element of the continuum of patient care that can ultimately lead to improved outcomes. However, in the developing world setting, intensive care delivery faces multifaceted challenges. While interventions such as rapid administration of fluids and antibiotics are relatively inexpensive, it is a commonly held belief that intensive care is too costly for developing countries 1, 2 . However, sustainable and appropriate critical care is possible in resource-poor sub-Saharan African countries 3 . In comparison to Western intensive care populations, equivalent developing world cohorts are often younger with fewer comorbidities and thus have a greater chance of recovery 4 .
Ethiopia has a population of over 83 million people and life expectancy is 54 years 5 . In 2010, 38% and 12% of the population had access to improved drinking water and sanitation, respectively. Access to healthcare is poor and physician density is <0.5 per 10,000 people, while the equivalent European figure is over >30 per 10,000 5 . Jimma University Specialised Hospital (JUSH) is a 450-bed teaching university and referral hospital, situated 350 km to the south-west of Addis Ababa. It provides services for 90,000 patients per annum and has a catchment population of 15 million people. Despite this, facilities are limited with no magnetic resonance imaging or computed tomography scanning, and no specialised neurosurgical, cardiothoracic or vascular services. In the event that it is affordable, patients requiring such investigations are referred to Addis Ababa.
The six-bed intensive care unit (ICU) at JUSH was created in 2006 and while it has capacity for three ventilated patients, additional supporting services, equipment and pharmaceuticals are extremely limited, primarily due to expense and lack of trained staff. While electrocardiography and non-invasive blood pressure monitoring are routinely employed, and continuous pulse oximetry is available for ventilated patients, there is no capnography. Likewise, blood gas analysis is not possible, and biochemical and haematological investigations are seldom performed due to prohibitive cost to patients. The only routine investigation on ICU admission is haematocrit. Similarly, due to the previously mentioned constraints and infection risks, there is no access to invasive monitoring. Inotropes are rarely used but, if necessary, adrenaline is titrated using a dropcounting technique according to non-invasive blood pressure and clinical improvement. In the event of major haemorrhage, blood products are limited to whole blood donation from family members.
Developments in critical care depend on successive introduction of service improvement strategies with emphasis on sustainability, training and a costeffectiveness analysis. Thus research in resourcepoor settings is critical, focussing on assessment of needs and economic planning. There have been no previous studies of morbidity and mortality conducted in JUSH ICU. The aim of this study was to investigate outcomes of ICU admission and to identify areas for improvement in care.
MATERIALS AnD METHoDS
This was a retrospective observational study conducted in JUSH ICU. Data were collected from a record routinely completed by nursing staff, documenting all ICU admissions and discharges. Demographic data and information regarding diagnosis, length-of-stay and outcome were drawn for the 12-month period from 23 August 2011 to 22 August 2012. Data were anonymous and subsequently analysed using Excel 2011 Version 14.2.3. Incomplete datasets were excluded from additional analysis.
RESULTS
There were 370 admissions to ICU during the 12-month study period. Median age (interquartile range) was 32.0 (22.0-47.0) years and 56.2% were male. The median length-of-stay (interquartile range) was 3.0 (1.0-7.0) days. Data were incomplete for an outcome in 13 cases and therefore were excluded from mortality rate calculations. There were 180 deaths giving an all cause ICU mortality rate of 50.4% (n=357). Data were missing or illegible for cause of admission in nine cases and these data were excluded from further analysis.
When data were analysed according to specialty (Table 1) , medical diagnoses accounted for the greatest number of admissions and the poorest outcomes with an overall mortality rate of 53.6%. The leading causes of medical admission were cardiac disease, septic shock, non-tuberculous respiratory disease and tetanus ( Table 2 ). The median age of all patients suffering upper airway obstruction was 5.5 years ( Table 3 ). All cases of malaria, diabetic ketoacidosis, cerebrovascular accident and status epilepticus admitted to the ICU in the study period proved fatal. Mortality rates and length-of-stay according to the major causes for medical admission are shown in Table 3 . The longest lengths-of-stay were in patients suffering advanced retroviral disease and tetanus cases requiring ventilation for prolonged periods.
The major surgical causes of admission to ICU are detailed in Tables 2 and 4 . All cause surgical mortality was 48.0%. The leading single cause was severe head injury (n=50), which carries a mortality of 52.1% and comprises a predominantly young male population. Trauma other than severe head injury included blunt abdominal trauma, penetrating trauma, orthopaedic trauma and burns. other causes for surgical admissions included thyroidectomy (3.2%) and malignant disease (2.6%).
There were 21 obstetric cases admitted to the ICU. The majority (n=13) were cases of hysterectomy secondary to uterine rupture, which carried a The mortality rate for eclampsia (n=5) was 20.0%. There were marked differences in the gender of patients admitted to the ICU according to some causes of presentation (Tables 1, 3 and 4 ). The most striking differences were predominance for male tetanus (86.7%) and trauma (76.8%) patients, while female pateints accounted for a higher proportion of cardiac cases (61.5%).
Fifty-one patients admitted to the ICU were <16 years ( Table 5 ). The mortality rate for these patients was 42.9% and median age (interquartile range) was 9.0 (3.0-13.0) years. Medical, surgical and obstetric cases accounted for 54.9, 43.1 and 2.0%, respectively. Severe head injury accounted for 54.5% of all surgical admissions (n=12). The remainder comprised of acute abdominal complaints requiring operative intervention (n=6) and 'other surgical' causes (n=4) including burns and thyroidectomy. The predominant medical cause for admission was upper airway obstruction (n=10). The other major cause for admission was communicable disease (n=12), which comprised pneumonia, tetanus, meningitis and severe malaria. 
DISCUSSIon
This study identified an all-cause ICU mortality rate of 50.4%. Internationally utilised severity sickness scores permitting outcome comparisons with similar patients managed in developed world ICUs necessitate laboratory investigations. Laboratory support in most developing world facilities is poor, precluding the use of such scores in this study. Admission physiological parameters in JUSH ICU patients are often severely deranged. This is usually secondary to delays in presentation as a result of limited access to healthcare throughout Ethiopia 5 . This partially accounts for the remarkable ICU mortality rate observed in this study. While this study was purely a retrospective analysis, it has also highlighted other likely contributory factors in such poor outcomes.
The leading single cause of surgical mortality was severe head injury, with trauma accounting for the majority of paediatric and adult admissions. Trauma represents a major burden in sub-Saharan Africa. It is often severe and poorly managed due to inadequately prepared health systems, delays in presentation and failure to apply Advanced Trauma Life Support principles [6] [7] [8] . In Ethiopia, head injury management presents further challenges due to nonavailability of diagnostic imaging techniques and lack of rehabilitative support. Future interventions should initially aim to implement effective early trauma management.
In contrast to the developed world, tetanus is endemic throughout many sub-Saharan countries due to a lack of effective vaccination schedules and inappropriate injury treatment. In a study of 171 tetanus cases conducted at JUSH by Amare et al, the mortality rate was 38% 9 . Since only the more severe tetanus cases are referred to the ICU, the mortality rate in this study was correspondingly higher (53.3%) than other Ethiopian studies (27-55%) [10] [11] [12] . Universally, young males are most affected, reflecting population demographics and the occupational work undertaken by this cohort. Respiratory failure due to a lack of early respiratory support in tetanus cases has been identified as a major cause of mortality 9 .
Respiratory support itself is fraught with difficulty, often exacerbating problems by introducing infection or damaging lung architecture. Decisions to ventilate patients may be delayed due to the relative inexperience of doctors typically staffing ICU and more timely initiation of positive pressure ventilation may prove beneficial 3 . JUSH does not currently employ lung protection ventilation strategies and ventilator use is not universally safe due to inadequate staffing and training. The adoption of 'ventilator care bundles' may be a simple cost-effective intervention. However, two nurses with no specific intensive care training currently care for six critically ill patients, three of which may be ventilated. Inappropriate staffing limits the feasibility of safely introducing novel strategies. A study involving seven sub-Saharan African ICUs showed improvements in mortality with an increase in nurse-to-patient ratios and appropriate monitoring 3 .
Surgical site and other soft tissue infections were associated with high mortality in this study (58.3%). They are common due to lack of basic resources including running water and sterile dressings. Hand hygiene, wound and intravenous cannula care all present challenges while infections are difficult to treat effectively due to a lack of microbiological support and sole employment of empirical antibiotics. Initiatives such as introducing the World Health organization Safe Surgical Checklist 13 to JUSH operating theatres may reduce the incidence of surgical site infection. Maternal mortality in Ethiopia is twice the global average 5 . Huge variation exists between developed and developing nations in obstetric ICU admission, with the most common indications worldwide being haemorrhage followed by pre-eclampsia. There were few obstetric admissions to ICU in our study, suggesting that many patients are managed in the ward. While this may be appropriate, early escalation to critical care should be encouraged. The majority of patients were young, serving as a good prognostic indicator provided interventions are timely. The majority of our cases were hysterectomy following uterine rupture after obstructed labour, reflecting poor access to emergency healthcare.
Child mortality rates in developing countries are five to 15 times higher than those in the developed world 5, 14 . Efforts at reduction are often hindered by a high trauma burden, ignorance of signs of severe paediatric illness in the community and difficulties in accessing health services 15, 16 . This is supported by this study, in which trauma and communicable diseases were the leading causes for paediatric ICU admission. The relative under-representation of children in this study was due to paediatricians' preference to manage children in the high-care section of a dedicated paediatric ward, unless they needed ventilation.
This study highlighted several isolated causes of ICU admission with outstandingly poor outcomes. Universally fatal cases included severe malaria, diabetic ketoacidosis and status epilepticus. In the majority of these cases, the poor outcome was due to extremely delayed presentation to critical care in moribund patients. While pre-hospital delays are difficult to solve acutely, failure to escalate care from ward level may be improved by staff education and the employment of ward-based early warning scoring systems. The lack of standardised management of some conditions may play a role, and elsewhere the introduction of mandatory management protocols has reduced morbidity, mortality and length-ofstay in conditions such as diabetic ketoacidosis 17, 18 . Conversely, it may be inappropriate to admit cases with little potential for reversibility in which ICU is not necessarily a cost-effective destination. Carefully considered ICU admission criteria may enhance the utilisation of limited resources.
The limitations of this study include poor hospital record-keeping, which prevented accurate follow-up of patients discharged from the ICU. Thus, survival to hospital discharge is unknown and in-hospital mortality may be higher than quoted. The sole record of ICU admissions and discharges is kept by nursing staff. It does not include data regarding time of admission, ventilation, final diagnosis or cause of death, and there is an inevitable overlap in disease state classification. There is a clear demand for enhanced record-keeping and maintenance of a physician-led ICU database, in order to audit clinical practice and effectiveness of future interventions.
Key areas for consideration when developing intensive care in a resource-poor setting include adequate staffing levels and training, research and clinical audit, ethical considerations, and the provision of appropriate sustainable equipment and support services 4 . At Jimma University, a new hospital is currently under construction. While it will have greater capacity and more modern equipment, this alone is unlikely to solve the problems identified. Despite resource limitations, simple cost-effective measures may be implemented in order to improve morbidity and reduce high mortality rates.
